INTRODUCTION
Replacing missing teeth to restore function and esthetics is one of the main goals of dentistry. For the past years osseointegrated dental implants have been accepted as one of the major treatment concepts for restoring completely and partially edentulous patients (1) .
The timing of endosseous implant placement following tooth extraction has been a debate (2) . Placement of implants immediately after tooth extraction has shown high percentage of clinical success due to several advantages as maintainance of the bony crest and preservation of the ridge dimensions (height and width) (3) .
However, when an implant is placed immediately in an extraction socket, it may engage the walls of the socket with the presence of bone defects around the implant near the alveolar crest; in growth of soft tissue could negatively influence the achievement of osseointegration in the crestal bone area (4) .
To overcome these problems and to ensure osseointegration of the placed dental implants, bone replacement grafts whether autogenous or xenogenic, synthetic bone substitutes with or without the simultaneous use of membranes have been used to allow bone formation in such defects (5) .
A resorbable membrane material will provide this barrier and secure the graft, but being out of the clinician's control is a disadvantage of such barriers. Conversely a nonresorbable membrane which is within the clinician's control, but may perforate the tissues and give rise to unwanted complications (6) . Possibly the first report of titanium membranes used in GBR was by Celleti et al, 1994 (7) . Therefore, the introduction of these materials into the literature are not altogether new, but their great commercial availability and use now may be. A titanium sheeting device can be adapted to the alveolar ridge to provide a semipermanently rigid scaffold surrounding the graft material and can be fixed to the dental implant itself. The material is biologically inert and its duration of support needed is decided according to the type of bone material placed beneath the membrane (8) .
Recently the I-Gen membrane was introduced. This is a titanium mesh, which can be used as a membrane. It has been designed for buccal ridge augmentation and it is to be fixed on the implant. I-Gen is a flexible membrane which is easy to place, fix and create 3D bone shape and can be removed easily but there is still a lack of clinical studies evaluating the efficiency and predictability of these membranes (9) .
The proper placement and stabilization of the titanium mesh into the defect site is of great importance for the success of the regenerative procedure (10); this is one of the difficulties present with the use of these membranes, particularly in case of simultaneous placement of the implant, for regeneration of small and medium sized defects (11) .
Therefore, the purpose of the present prospective clinical and radiographic study was to evaluate the horizontal bone gain and the possible complications in patients treated with titanium meshes positioned simultaneously with dental implants and fixed over them.
MATERIALS AND METHODS
It was a prospective clinical and radiographic study during the period from December 2015 to October 2016 including the follow up for 6 months. Ten patients were selected from the in-patient clinic of the Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Alexandria University.
Criteria of patient selection were Patients having a mandibular posterior tooth indicated for extraction with a small to medium sized buccal ridge defect detected clinically using a periodontal probe, age range from 20-40 years and free from any systemic disease that may interfere with bone healing.
Exclusion criteria were inadequate oral hygiene, parafunctional habits and any habit that interferes with blood flow or retards healing as heavy smoking or alcoholism.
The ethical clearance was obtained by the ethical committee before the study began, and the selected patients were informed about the nature of the study and the informed consent was obtained.
MATERIALS
Ten dental implants from DENTIS (Dentis, Daegn, South Korea), DIO implant system offers different line of implants Straight, Tapered and one piece implants. It also (SM Line -Tapered line) offers variety of sizes with different lengths; Diameters available are 3mm, 3.3mm, 3.8 mm, 4mm, 4.5mm, 5mm, 5.5mm, 6mm, 6.5mm and 7mm and lengths are available in 6mm, 7mm, 8mm, 8.5mm, 10mm, 11.5mm, 12 mm, 13mm and 15 mm. It is treated with resorbable blasting media then all blast media subsequently removed from the titanium surface using a unique and patented cleaning process to achieve roughed surface area stimulating the osseointegration process.
Ten I-Gen titanium membranes (Megagen, Seoul, Korea), this membrane offers different sizes and shapes to suit different locations. It can be divided into three categories; size 1 for anteriors (narrow membranes) which has 4.5mm buccal horizontal extension from the center of fixture, size 2 for premolars (regular membranes) which has 5.5mm buccal extension and size 3 for the molar area (wide membrane) which has 6.5mm buccal extension from fixture center. Additional classification includes Type A, B and C. A and B membranes are only to cover single wall defects but B offers an extra coverage for the crestal bone. Type C has a lingual extension to cover lingual wall defect. The membrane is accompanied with a flat abutment which must be screwed to implant before fixing the membrane. This specific abutment is supplied in 3 different cuff heights; 1mm, 2mm and 3 mm and its role is to maintain space between imlpant and I gen membrane during the healing period. Also,it has a hole on the top in which the healing abutment can be screwed inside and by this the membrane becomes fixed between the flat abutment and the healing abutment.
Synthetic hydroxyapatite and Beta tricalcium phosphate (DM bone, Meta Biomed, Osong-eup, Korea) as a graft material. It's a bioactive bone graft material, DM Bone, which is resorbable and able to be replaced by new bone. It is a ceramic constituted of two-phases of silicon (<1wt%) containing coralline 60% hydroxyapatite and 40% betatricalcium phosphate. METHODS Our treatment plan was to place an immediate dental implant in a fresh extraction socket with a buccal defect and use the I gen titanium mesh as a method of GBR after filling of the defect with synthetic bone graft material.
A. Presurgical phase -A thorough history was taken from all the patients who were asked about their chief complaint, past treatment of the tooth under concern such as trauma, failed endodontic treatment or failed prosthesis. Clinical examination proceeded with general extraoral and intraoral examination with special attention to the tooth that was planned to be extracted, it was examined for the presence of any signs of acute infection such as pain, pus discharge and swelling. Probing of the gingival sulcus was done to detect presence of bony defect using periodontal probe. (Figure 1 
B. Surgical phase
Local anaesthesia, Mepivacaine HCL 2% with Levonordefrine 1:20.000 (Scandonest 2% L,Septodont,France)was injected using inferior alveolar nerve block technique and long buccal infilteration if needed, atraumatic forceps extraction was performed and a 3 corner pyramidal mucoperiosteal flap extending to one neighbouring tooth mesialy and distally was reflected showing the socket and the buccal ridge defect. Debridement and irrigation of the socket was done.
Drilling with low speed (1000 rpm), high torque and internal irrigation with normal saline to maintain bone vitality was performed to depth of 3 mm beyond the socket. The implant was then threaded into the bone using a ratchet until adequate initial stability was obtained. A flat abutment was fixed to the implant which serves to maintain required space between the implant and the membrane throughout the healing period. The graft material was packed into the defect with slight over fill, I gen membrane of proper size was placed to cover the defect and the graft material with no need for adaptation as the membrane is supplied in proper contour and finally, healing abutment was screwed passing through a hole in the membrane to the implant body. Suturing of the flap back to original position using 3-0 black silk suture material. 
C. Post-surgical phase
Post-operative instructions were given to the patients including cold packs for 10 minutes on and 10 minutes off for two hours, then chlorhexidine (hexitol mouthwash, arabdrug company, Cairo, Egypt.) mouth wash twice daily for the following 5 days and oral hygiene instructions.
Postoperative medications including Amoxicillin Clavulanate 500 mg/ 125 mg (Augmentin,Glaxosmith Klin. Brentford, Middlesex, UK); 1 capsule every 12 hours for 5 days post operatively and Ibuprofen (Brufen,Abbott, Mumbai, India) 400mg; 1 tablet every 8 hours after meals for 4 days.
Sutures were removed one week after surgery.
D. Follow up
Clinical evaluation was done on 2nd and 7th day postoperatively to detect presence of pain, swelling,infection or any other postoperative complication, mobility of the implant according to Mickney and Koth (12) was checked on 1st,3rd and 6th months, the condition of the interproximal papillae, the surrounding soft tissue and the neighbouring teeth were evaluated after 1 month, perimplant probing depth according to Glavind and Loe in 1967 (13) was measured at 3rd and 6th month and papillary bleeding index according to Muhlemann (14) was recorded at 1st,3rd and 6th month.
Radiographic evaluation using Panoramic radiographs taken for each patient immediately postoperative ( Figure 4) and CBCT done at 3 rd and 6 th months to measure bone density using Hounsfield scale(HU) (15) . After CBCT acquisition, the Dicom file of the block was exported and imported to BlueSkyBio 64-bit version software for bone density assessment. A Bone Density measurement icon was used at the region of interest to give a reading in a Hounsfield unit (6 points at each ROI). The mean bone density at the site of implant was calculated by measuring the bone density at 6 points in the vicinity of the implant then taking their average to determine the mean bone density at 3rd and 6th month postoperatively. Also, to check presence of sufficient thickness of bone buccal to the implant. 
E. Membrane removal
After 6 months, local anaesthesia was injected and crestal incision was done to expose the membrane. Healing abutment was unscrewed to allow membrane removal, final abutment was placed and then, flap was returned and passively sutured. (Figure 5 ) Finally, final prosthesis construction was done.
Appropriate statistical analysis was used to evaluate the outcomes. Means, standard deviations and median was calculated to describe data collected from the patients. Wilcoxon signed ranks test was used to evaluate the results. The level of significance was set at P <0.05. 
RESULTS
The present study included ten patients of both sexes (7 females and 3 males). Their ages ranged between 20-39 years. Teeth extracted were 6 premolars and 4 molars. Implants placed to replace molars were all placed in the mesial sockets.
Implant sizes used were; four 3.8 mm diameter x 13 mm length, three 4 mm diameter x 13 mm length and three 4 mm diameter x 15 mm length. While membrane sizes were; two B1, five B2 and three B3.
Clinical evaluation was done to evaluate patients in the follow-up visits. Nine patients were completely free from pain, tenderness and edema at 5 th postoperative day except for one patient who showed perimplantitis with little oozing pus around. A culture test was done due to persistence of the infection and proper antibiotic was prescribed to the patient. Implant mobility was absent in all patients throughout the follow-up period and Condition of interproximal papillae and surrounding soft tissue was very good within one week postoperatively.
Regarding Probing depth around the implant (lingually) was measured at 3 rd and 6 th months. Six patients had same probing depth for both periods and two patients showed increased probing depth at 6 th month compared to 3 rd month. Mean value at 3rd month was 2.75 ± 1.28 and mean value at 6th month was 3.0 ± 1.07 which is statistically insignificant increase.
Radiographic evaluation using CBCT at 3 rd and 6 th months was done. Bone density was measured at both periods in Hounsfield units. Mean value at 3 rd month was 1427.9 ± 158.95 and at 6 th months was 1472.3 ± 173.5. p value for comparing between 3 rd month and 6 th month was 0.012 which is statistically significant. p ≤ 0.05. (Table 2) Presence of sufficient bone thickness in the site of preexisting defect (buccal) was measured from CBCT. Eight patients showed successful augmentation of the buccal ridge which represented 80% success rate of the procedure and this was confirmed clinically during membrane removal and radiographically from CBCT after 6 months by measuring the thickness of the buccal plate in mm at two different points fixed for all patients by taking the measurements using the same software at the same levels. (Figure 6 ) (Table 3) while the other two pateints were excluded from the results after one month due exposure of the membrane and loss of the graft material. 
DISCUSSION
Soft tissue esthetics and long-term stability of the tissues buccal to the implant supporting the restoration are largely dependent on the health and quantity of the bone. Grunder and colleagues (16) proposed the guidelines of bone quantity ≥ 2 mm buccal and palatal to ensure long-term tissue stability. An alveolar ridge deficient in volume to accommodate the dental implant by providing 2 mm or more of residual bone, or implants not positioned 3-dimensionally correct will lead to tissue recession, loss of esthetics, and treatment failure.
Following Grunder and colleagues' guidelines, stability can be achieved by applying the GBR technique demonstrated in this study (17) . In the present study, I-gen titanium mesh was used around implants placed in fresh extraction sockets with a buccal ridge defect (immediate implantation). The implant material used in this study was medically biocompatible grade IV commercially pure titanium. Commercially pure titanium has a predictable interaction with the environment. It oxidizes upon contact with air or tissue fluids thus minimizing corrosion. It maintains an oxide layer without apparent break-down or corrosion under physiological conditions (18) .
To achieve successful GBR the clinician needs to select techniques and materials that will create these three essential factors: 1. Graft stability, 2. Space maintenance, 3. Support the blood supply. Neovascularization of a healing wound is paramount to its recovery and rehabilitation (19) . To ensure neovascularization the graft must be stable, protected, and remain immobile, critically so during the first phases of wound healing. This is in agreement with Mammoto et al (20) who proved that initial tissue regeneration is dependent on blood vessel ingrowth and is extremely mechanosensitive; the greater the graft immobility during the regenerative period the greater this vascular in growth. This factor is of paramount importance in oral tissue grafting.
The use of barrier membranes for GBR around titanium implants has been reported in the literature for more than 25 years (21). Adjunct to these are membranes wholly manufactured of titanium (22) . The study demonstrated here utilized such a membrane of titanium sheeting that was fixed over the graft, secured in place by the implant fixture component itself and it created the three essential factors needed for the graft's success and the maintenance of space is controlled by the clinician until its removal.
Patients in this study were selected according to certain criteria. They were free of systemic conditions. Many studies have shown reduced bone contact area and bone thickness around titanium implants with diabetic patients (23) . As for radiotherapy, an experimental study has shown that implants placed in irradiated dog mandibles had less bone-to-implant contact than those placed in non-irradiated controls (24) .
Regarding the surgical procedure, full thickness mucoperiosteal pyramidal flap was performed allowing adequate access for precise implant placement, socket debridment and membrane size selection. The technique used for drilling and implant placement was atraumatic. Surgical guidelines were performed according to Branemark original protocol (25) . Drilling was performed at low speed with profuse water cooling. Thus overheating of bone is avoided. It was demonstrated that a temperature over 47°C for 1 min may induce heat necrosis in the bone (26) . After implant placement flat abutment was screwed inside the implant to maintain space between the implant and the mesh, bone graft is overfilled covering the defect, Igen membrane placed in position and fixed with the healing abutment.
In the present study, all patients were followed at regular intervals of 1,3 and 6 months to evaluate survival of implant clinically and radiographically and also to detect any clinical deterioration in related soft tissues.
Clinical evaluation in this study during the follow-up period revealed minimal pain, tenderness and infection at 5 th day post-operative except for only one patient with persistent pain and infection which extended up to 30 days and was managed by prescribing proper antibiotic after culture sensitivity test was done. This could be attributed to the high biocompatibility and excellent tissue response to biomedical titanium alloy (27) . As for the peri-implant probing depth in the study group, six cases showed no change while two cases showed slight increase in the probing depth over the follow up period which was statistically insignificant. Since probing depth may be affected by several factors such as depth of placement of implants, angulation of implants and type of implant used. Therefore, unlike natural teeth, it's difficult to set guideline based on a single probing depth measure around dental implant. Having a base line probing depth taken soon after implant placement allows clinician to closely monitor probing depth changes prospectively (28) .
Regarding implant mobility, no clinical mobility was detected in any of the implants throughout the follow-up period. This was confirmed by the radiographic evaluation that revealed intimate contact in all implants. The absence of implant mobility in one of the most important criteria for implant success (12) . This is in agreement with Albrektsson in 1986 (29) who proposed the criteria for successful integration of dental implants. Of these, a lack of mobility is of prime importance as 'loosening' is the most often cited reason for implant fixture removal.
Gingival bleeding index showed a statistically significant decrease comparing 1 st to 6 th months with a p value of 0.020. Relation between bleeding on probing (BOP) and health of periimplant tissues was confirmed in a prospective study by Jepsen et al in 1996 (28) where absence of BOP has a high negative predictive value, thus serving as a predictor for stable periimplant conditions. Radiographically, Bone density around the implant was measured from CBCT in Hounsfield units showing a statistically significant increase between 3 rd and 6 th months with a p value of 0.012. This is in agreement with Han and Park in 2002 (30) when approved that the calcified tissues around dental implants surface increase by time.
Considering the augmentation of the buccal ridge defect which is the main objective of the study, eight patients showed filling of the defect with bone and the thickness was checked to be a minimum of 2 mm using the CBCT (80% success). This is in agreement with the studies of Jung and colleagues in 2014 (17) and Konstantinidis and colleagues in 2015 (31) .
The two cases (20% failure) which were excluded from the study after first month showed clinical exposure of the membrane with loss of underlying graft material and failure of bone formation. This is in agreement with what was reported in literature stating that the exposure of the titanium mesh is certainly one of the most insidious complications to handle, as reported in the literature; in fact, it can cause the failure of the regenerative technique (32) . This might have happened due to mechanical irritation of the overlying soft tissues, thin gingival biotype or due to tension created in the flap during its closure.
Therefore, in our present study, the alveolar ridge reconstruction with titanium meshes and simultaneous implant placement has proved to be a reliable and effective method of treatment in such cases taking into consideration precautions to avoid possible exposure of the mesh. This is in accordance with the contemporary scientific literature which reported that GBR with titanium membranes represent a predictable technique for horizontal bone regeneration and the treatment of small-and medium-sized defects around dental implants (10) . Also, as reported in different systematic reviews, the ideal membrane should possess the following characteristics: biocompatibility, ability to prevent the penetration of unwanted cell lines, maintain its space, and ease of its clinical handling (30) . The titanium meshes used in the present study meet almost all these requirements: in fact, they are biocompatible, and they can effectively prevent the colonization of the site by connective tissue. In addition, they have excellent space maintenance capabilities and they are easy to use (30) .
But the risk of perforating the overlying soft tissues must be considered (33) . Therefore, the use of titanium membranes may be best suited in thick gingival biotypes, or their use in thin biotypes should possibly be with an adjunctive connective tissue graft or with platelet rich fibrin(PRF) membrane to support the soft tissue healing. Also, tension free flap closure is a must.
CONCLUSIONS
In our study GBR technique used with immediate implant placement aiming to augment the buccal ridge showed positive results (80% success) specially when dealing with thick gingival biotype. Therefore, Successful GBR using I Gen titanium membrane can augment the defect if the critical factors for success are acheived and size of defect, tension in the flap and gingival biotype are considered.
